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) A solid electrolyte fuel cell having a multilayer 
structure of flat unit cells composed of a solid 

fKlJl^rl?' i^"^* 3 Second 

electrode [2] with metal bipolar plates [5] as gas 
bamers and collectors [4] preferably made of 
foam metal or a foam alloy Interposed between 
the adjacent unit cells. A fuel gas and an oxidiz- 
ing gas are supplied to the fuel cell so that they 
flow in the directions crossing each other with 
me solid electrolyte interposed therebetween 
The metal bipolar plate is preferably provided 
with grooves so that the fuel gas and the oxidiz- 
ing gas can be unifomily distributed over the 
plate. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention : 

The present invention relates generally to a solid 
electrolyte fuel cell, and more particularly, to a solid 
electrolyte fuel cell In which a plurality of flat unit cells 
are vertically stacked. 

2. Description of the Prior Art : 

Unlike other types of fuel cells, the solid electro- 
lyte fuel ceil is free of leakage and does not require 
refills so that it is expected to be maintenance-free. 
The solid electrolyte fuel cell is classified, according 
to the electrolyte property, into the low-temperature 
type which is operated at a temperature not exceeding 
200^C and the high-temperature type which is oper- 
ated at a temperature of about 1000°C. The high-tem- 
perature type fuel ceil can serve as an energy 
converter with high energy converskin efficiency, and 
is expected to be applied to a cogeneration system 
since the quality waste heat thereof can be utilized. 
Furthermore, this type of fuel cell does not require a 
catalyst and is versatile in the use of compatible fuel 
gas. 

In order to obtain a large capacity of electricity, 
the fuel cells are layered or stacked to form a mul- 
tilayer structure. The high-temperature type fuel cell is 
generally made of an oxide (a ceramic) which with- 
stands a high temperature of about 1000°C at which 
the ceil is operated. When such fuel cells are stacked, 
the materialfor stacking must also be made of oxides, 
thereby restricting a method applicable for stacking 
the fuel cells. At present, under this restriction, there 
have been developed or proposed solid electrolyte 
fuel cells of several shapes and structures and 
methods for stacking such fuel cells in consideration 
of the productbiiity and processability of the oxides 
used. 

Conventionally, the shape of the fuel cell is 
roughly classified into the cylindrical type and the flat 
type. Methods for stacking the cylindrical fuel cells 
such as a bundling method (by Westinghouse) have 
been developed. Further, a new "monolithic" fuel cell 
has been proposed, and a method for stacking this 
type of fuel cells has been studied. 

As for materials for the components of the fuel 
cell, YS2 (yttria stabilized zirconia) is conventionally 
used for the solid electrolyte, an La-Co, La-Cr or La- 
Mn group oxide for an air electrode, and a cermet 
which is a mixture of a ceramic (zirconia) and metal 
(Ni) for a fuel electrode. 

However, the conventional cylindrical solid elec- 
trolyte fuel cells, which are basically made of oxides 
and manufactured depending on the producibility and 
the processability of oxides used as mentioned 
above, have limitations in performance and reliability. 



On the other hand, the flat unit cell is not necessarily 
made of only oxides, and therefore can achieve per- 
formance superior to the cylindrical fuel cell. The 
monolithic fuel cell is not adequate in the electricity 
5 generating efficiency as in the case of the cylindrical 
fuel cell. Further, since the manufacture of the mono- 
lithic fuel cell is complicated by having many different 
processes, improvement is required for the practical 
use thereof. 

10 A high electricity generating efficiency is expec- 

ted from the flat unit cell, and a high output can be pro- 
duced by fonming a large-size flat unit cell. However, 
stacking the flat unit ceils is difficult because there 
arises problems to overcome such as inter-connec- 
ts tion of the fuel cell, separation of a fuel gas and an 
oxidizing gas, and sealing of each component, in 
addition to the problems relating to the oxides used, 
such as processability and reliability of oxide mate- 
rials and performance of the oxide electrodes and 

20 conductors. 

Further, a large-size flat unit cell is not effective 
in gas distribution. Referring to Figure 6, the gas dis- 
tribution In a conventional flat unit cell will be des- 
cribed. The fuel cell comprises a solid electrolyte 61, 

25 and an air electrode 62 and a fuel electrode 63 dis- 
posed on the opposite surfaces of the solid electrolyte 
61. Platinum leads 67 are connected to the air elec- 
trode 62 and the fuel electrode 63, respectively. The 
fuel cell composed of the solid electrolyte 61; the air 

30 electrode 62 and the fuel electrode 63 is supported by 
a porous support plate 68, and a cylindrical ceil hous- 
ing 65 covers the entire structure. A fuel gas and an 
oxidizing gas are supplied to and discharged from the 
fuel cell, in the large-size flat unit cell having such a 

35 gas distribution system, in which each gas is supplied 
from only one side, the gas densities at the inlet and 
the outlets of each gas are different, resulting in non- 
uniform and insufficient gas distribution. 

The objective of this invention is to provide a solid 

40 electrolyte fuel cell fonmed by vertically stacking fiat 
unit cells, which is highly gastight and has an effective 
gas flow so as to allow a uniform gas diffusion to every 
comer, and can generate a large capacity of electricity 
efficiently and stably with an improved reliability. 

45 

SUMMARY OF THE INVENTION 

The solid electrolyte fuel cell of this invention, 
which overcomes the above-discussed and numer- 

50 ous other disadvantages and deficiencies of the prior 
art comprises a plurality of flat unit cells stacked with 
metal bipolar plates as gas baniers interposed be- 
tween the adjacent unit cells, wherein each unit cell 
includes a first electrode, a second electrode, and a 

55 solid electrolyte disposed between the first electrode 
and the second electrode, the first electrode being 
supplied with a fuel gas and the second electrode 
being supplied with an oxidizing gas so as to generate 
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electricity. 

In a preferred embodiment, the metal bipolar 
plate is a polygon having 4(n + 1) sides (wherein n 
denotes a natural number starting from 1). 

in a preferred embodiment, the polygon is a reg- 5 
ular polygon. 

In a preferred embodiment, the polygon is an 
octagon. 

In a preferred embodiment, the metal bipolar 
plate has ribs so as to facilitate uniform diffusion of the io 
fuel gas and the oxidizing gas on the surfaces of the 
plate. 

Alternatively, the solid electrolyte fuel cell of this 
invention comprises a plurality of flat unit cells 
stacked with collectors interposed between the adja- is 
cent unit cells, wherein each unit cell includes a first 
electrode, a second electrode, and a solid electrolyte 
disposed between the first electrode and the second 
electrode, the first electrode being supplied with a fuel 
gas and the second electrode being supplied with an 20 
oxidizing gas so as to generate electricity, and whe- 
rein the collectors are made of foam metal or a foam 
alloy. 

In a prefen-ed embodiment, the collectors are 
made of foam metal or a foam alloy containing niclcel. 25 

Alternatively, the solid electrolyte fuel cell of this 
invention comprises a plurality of flat unit cells 
stacked, wherein each unit cell includes a first elec- 
trode, a second electrode, and a solid electrolyte dis- 
posed between the first electrode and the second 30 
electrode, the first electrode being supplied with a fuel 
gas and the second electrode being supplied with an 
oxidizing gas so as to generate electricity, and whe- 
rein the fuel gas and the oxidizing gas flow crossing 
each other with the solid electrolyte interposed there- 35 
between. 

In a preferred embodiment the direction in which 
the fuel gas is introduced and the direction in which 
the oxidizing gas Is discharged are differeht. 

In a preferred embodiment, the fuei gas is ihtro- 40 
duced from opposite inlets so that the fuel gas is dis- 
charged in the directions perpendicular to the 
directions in which the fuel gas is introduced. 

In a preferred embodiment, the oxidizing gas is 
introduced from opposite inlets so that the oxidizing 4S 
gas is discharged in the directions perpendicular to 
the directions in which the oxidizing gas is Introduced. 

Thus, the solid electrolyte fuel cell of this Inven- 
tion has a multilayer structure of the flat unit cells, the 
metal bipolar plates used as gas barriers and the col- 50 
lectors. All of the components of the fuel cell except 
for the electrolyte and the sealing agent are made of 
metal, thereby allowing a large capacity of electricity 
to be generated efficiently and stably with an 
improved reliability. Further, by using the metal bi- 55 
polar plate provided with the ribs and the grooves, a 
high gastightness can be maintained and an effective 
gas flow can be achieved, thus allowing a uniform gas 



diffusion to every corner, 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in the art by reference to the 
accompanying drawings as follows: 

Figures 1A and 1B are a perspective view and a 
sectional view, respectively, showing a concep- 
tual structure of a solid electrolyte fuel cell 
according to the present invention; 
Figures 2A and 28 are perspective views show- 
ing a metal bipolar plate with ribs used for a first 
example of the invention and that with ribs and 
grooves used for a second example of the inven- 
tion, respectively; 

Figure 3 is a graph showing an l-V characteristic 
of the solid electrolyte fuei cell of the first 
example; 

Figure 4 is a graph showing an l-V characteristic 
of the solid electrolyte fuel cell of the second 
example; 

Figures 5A and 5B are conceptual perspective 
views showing the flow of a fuel gas and an oxidi- 
zing gas, respectively, in the solid electrolyte fuel 
cell according to the invention; and 
Figure 6 is a conceptual sectional view showing 
the flow of a fuel gas and an oxidizing gas in a 
conventional flat solid electrolyte fuel cell. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT ~" 

Figures 1 A and 1 B show an example of a fuel cell 
according to the present invention, which Is a polygon 
having 4{n + 1) sides. A unit cell A is composed of an 
anode 1 (fuel electrode), a cathode 3 (air electrode), 
and a solid electrolyte 2 sandwiched between the 
anode 1 and the cathode 3. Collectors 4 are disposed 
on the outer surfaces of the anode 1 and the cathode 
3 of the unit cell A. respectively. A gas seal 6 mainly 
made of glass is disposed along the edge of the col- 
lector 4 to cover the peripheral area of the unit cell A. 
Each outer surface of the collector 4 and the gas seal 
6 is covered with a metal bipolar plate 5. The metal bi- 
polar plate 5 Is provided with ribs 5a which extrude 
upward and downward alternately on the edges of the 
sides thereof, as shown In Figure 2A. In this way, the 
unit cells A of the above structure are stacked with the. 
collectors 4, the gas seals 6 and the metal bipolar 
plate 5 interposed between two adjacent unit cells A 
to form a multilayer fuel cell, A manifold 7 covers the 
sides of the fuel cell. The unit cell A, the metal bipolar 
plate 5 and the manifold 7 are gastight from one 
another by the gas seal 6. 

In the above fuel cell, a fuel gas Is supplied from 
fuel gas Inlets F1 and discharged from fuel gas outlets 
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F2. The fuel gas introduced in the cell flows in the 
direction shown in Figure 5A. On the other hand, an 
oxidizing gas is supplied from oxidizing gas inlets E1 
and discharged from oxidizing gas outlets E2. The 
oxidizing gas introduced in the cell flows in the direc- 
tion shown in Figure 5B. In this way, the fuel gas and 
the oxidizing gas are respectively supplied from the 
opposite sides and discharged to the opposite sides, 
and the fuel gas and the oxidizing gas flow in the direc- 
tions crossing each other with the solid electrolyte 2 
interposed therebetween. 

In the following examples, a mixed gas of hydro- 
gen and steam In the ratio of 99:1 was used for the fuel 
gas, and air for the oxidizing gas. Each gas was sup- 
plied at a rate of 1000 cc/min. 

Example 1 

In this example, a fuel cell formed of five layers of 
the flat unit cells A was fabricated. 

A regular octagonal plate made of a mixed con- 
ductive substance expressed by the formula Ba- 
Ceo.8Gdo203-a was used for the solid electrolyte 2. An 
Ni cermet and Bao.4Lao.6Mn03 were used for the 
anode 1 and the cathode 3, respectively, and depo- 
sited on the opposite surfaces of the solid electrolyte 
2 by evaporation, thus fomiing the unit cell A. A SUS 
mesh was used for each collector 4 and glass was 
used for the sealing between the collector 4 and the 
metal bipolar plate 5. 

The fuel cell proper was insulated so as to keep 
the temperature thereof at 850''C and thus to generate 
electricity. The cell was first heated up to 1000*^0 by 
a planar heater so as to melt the glass seal, and the 
temperature was then reduced to the operating tem- 
perature. 

Figure 3 is an l-V characteristic diagram of this 
example. As is shown In this figure, the^voltage was 
1 .5 V when the current was 50 A. The maximum out- 
put of this example was 82 W and the output per unit 
area was 0.164 W/cm^. The output obtained when a 
unit cell was used at 850°C was 0.18 W/cm^. It was 
proved, therefore, that the fuel cell of this example 
showed neariy the same performance as the unit cell, 
Indicating that the vertically stacked fuel cell employ- 
ing the metal bipolar plate 5 operates in an effective 
and stable manner, it was also proved that since the 
components of this example were made of metal, 
except for the solid electrolyte 2 and the gas seal 6, 
the operation reliability had been greatly Improved, 
compared with the conventional stacked structure of 
unit cells made of oxides. 

Further, it was found that the bipolar plate 5 pro- 
vided with ribs 5a as shown in Figure 2A served to 
maintain high gastightness, thereby achieving an 
effective gas flow. Thus, the perfonmance of the fuel 
ceil can be improved by disposing ribs 5a on the bi- 
polar plate 5. 



Further, in this example, since the fuel gas and 
the oxidizing gas flowed in the directions crossing 
each other with the solid electrolyte 2 interposed, 
therebetween, a satisfactory gas distribution was 
5 obtained. 

Example 2 

The fuel ceil of Example 1 was disassembled to 
10 check the fuel cell located on the bottom thereof which 
had shown low output during the testing. As a result, 
it was found that the SUS mesh of the bottom collector 

4 had extruded into the adjacent electrode, thereby 
causing local gas stay and thus preventing sufficient 

15 gas diffusion. The solid electrolyte plate of the bottom 
unit cell had been cracked by the extrusions of the 
mesh. 

To overcome this trouble, a foam Ni plate of a 
thickness of 1 mm (a pore diameter of 0.2 to 0.3 mm) 

20 was used for the collector 4 for this example. Further, 
grooves 5b were fonmed on the surface of the metal 
bipolar plate 5 as shown In Figure 2B so that the gas 
could be smoothly diffused to every comer of the elec- 
trode. The same material, shape and manufacturing 

25 method as in Example 1 were used for this example 
except for the collector 4 and the metal bipolar plate 

5 as described above. 

As in Example 1. the gases were supplied to gen- 
erate electricity. Figure 4 Is an l-V characteristic diag- 

30 ram of this example. As shown in this figure, the 
performance was further improved. The voltage was 
1 .8 V when the current was 50 A. The maximum out- 
put of this example was 88 W and the output per unit 
area was 0.176 W/cm^. This proved that the perform- 

35 ance of the fuel cell of this example was neariy the 
same as that of a unit cell, that is, 0.18 W/cm^, indi- 
cating that the vertically stacked fuel cell employing 
the metal bipolar plate 5 provided with the ribs 5a and 
the grooves 5b operated in an effective and stable 

40 manner. Further, as in Example 1 , it was proved that 
since the components of this example were made of 
metai except for the solid electrolyte 2 and the gas 
seal 6, the operation reliability had been greatly 
Improved, compared with the conventtonal stacked 

45 structure of unit cells made of oxides. 

In the above examples, five unit cells were verti- 
cally stacked, but the number of unit cells is not res- 
tricted. The area of the electrodes is not also 
restricted. Any material can be used for the solid elec- 

50 trolyte and the electrodes. In the above examples, the 
metal bipolar plate 5 provided with the ribs 5a and the 
grooves 5b (for Example 2) was shown, but the shape 
and the material of the plate and the design of the 
grooves are not restrictive to these examples. Also, 

55 the metal bipolar plate 5 was octagonal In the above 
examples, but it can be a polygon having twelve or six- 
teen sides. 

The thickness and the bore diameter of the foam 
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Ni plate used for the collector 4 In Example 2 are not 
limited to 1 mm and 0.2 to 0.3 mm, respectively, as 
described in the example. Also, any material, desir- 
ably Ni or an alloy including Ni, can be used for the col- 
lector 4. 5 

The outer type manifold 7 was used for the above 
examples to supply the fuel gas and the oxidizing gas 
so that the gases flow in the directions crossing each 
other with the solid electrolyte Interposed therebet- 
ween. However, an Inner type manifold can be used io 
as far as these gases are supplied in the same man- 
ner as described above. Any sealing and stacking 
agents can be used. 

The unit cell was manufactured by depositing the 
anode and the cathode to the solid electrolyte by is 
evaporation, but other methods for manufacturing the 
unit cell can be used. 

In the above examples, the temperature of the 
fuel cell was initially raised to 1000°C and then low- 
ered to 850*>C for operation. However, other methods 20 
and other operating temperatures than the above can 
be applied as far as the temperature is within the 
range durable for the bipolar plate 5. 

Both of the fuel gas and the oxidizing gas were 
supplied from the opposing sides, buteitheroneof the 25 
gases can be supplied from the opposing sides. It is 
also possible to arrange it so that the gases flow in the 
directions crossing each other only when they are dis- 
charged. 

It is understood that various other modifications 30 
will be apparent to and can be readily made by those 
skilled in the art without depart:ing from the scope and 
spirit of this invention, Acconjingly, it is not intended 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 35 
that the claims be construed as encompassing all the 
features of patentable novelty that reside in the pre- 
sent invention, including all features that would be 
treated as equivalents thereof by those skilled In the 
art to which this invention pertains. 40 



Claims 

1. A solid electrolyte fuel cell comprising: 4S 
a plurality of flat unit cells stacked with 
metal bipolar plates as gas barriers interposed 
between the adjacent unit cells; 

wherein each unit cell includes a first elec- 
trode, a second electrode, and a solid electrolyte so 
disposed between the first electrode and the sec- 
ond electrode, the first electrode being supplied 
with a fuel gas and the second electrode being 
supplied with an oxidizing gas so as to generate 
electricity. 55 

2. A solid electrolyte fuel cell according to claim 1 , 
wherein the metal bipolar plate is a polygon hav- 



ing 4(n + 1) sides (wherein n denotes a natural 
number starting from 1). 

3. A solid electrolyte fuel cell according to claim 2, 
wherein the polygon is a regular polygon. 

4. A solid electrolyte fuel cell according to claim 2. 
wherein the polygon is an octagon. 

5. A solid electrolyte fuel cell according to claim 1, 
wherein the metal bipolar plate has ribs so as to 
facilitate unifomn diffusion of the fuel gas and the 
oxidizing gas on the surfaces of the plate. 

6. A solid electrolyte fuel cell comprising: 

a plurality of flat unit cells stacked with col- 
lectors interposed between the adjacent unit 
ceils; 

wherein each cell includes a first elec- 
trode, a second electrode, and a solid electrolyte 
disposed between the first electrode and the sec- 
ond electrode, the first electrode being supplied 
with a fuel gas and the second electrode being 
supplied with an oxidizing gas so as to generate 
electricity; and 

wherein the collectors are made of foam 
metal or a foam alloy. 

7. A solid electrolyte fuel cell according to claim 6. 
wherein the collectors are made of foam metal or 
a foam alloy containing nickel. 

8. A solid electrolyte fuel cell comprising a plurality 
of flat unit cells stacked; 

wherein each unit cell includes a first elec- 
trode, a second electrode, and a solid electrolyte 
disposed between the first electrode and the sec- 
" ond electrode, the first electrode being supplied 
with a fuel gas and the second electrode being 
supplied with an oxidizing gas so as to generate 
electricity; and 

wherein the fuel gas and the oxidizing gas 
flow crossing each other with the solid electrolyte 
interposing therebetween. 

9. A solid electrolyte fuel cell according to claim 8, 
wherein the direction in which the fuel gas is intro- 
duced and the direction in which the oxidizing gas 
is discharged are different 

10. A solid electrolyte fuel cell according to claim 8, 
wherein the fuel gas is introduced from opposite 
inlets so that the fuel gas is discharged in the 
directions perpendicular to the directions in which 
the fuel gas is introduced. 

11. A solid electrolyte fuel cell according to claim 8, 
wherein the oxidizing gas is introduced from 
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opposite inlets so that the oxidizing gas is dis- 
charged in the directions perpendicular to the 
directions In which the oxidizing gas Is Intro- 
duced. 
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